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An interna] combustion engine (10) is designed with a cyl- 
inder section (11) which is pivoted on a crankcase section (13) to 
provide different compression ratios. The crankcase section (13) 
is provided with raised lateral walls (21, 22, 24, 25) with upper 
surfaces (82-85), which lie in the same plane and thereby allow 
simple assembly of a seal (34) between the cylinder section (11) 
and crankcase section (13). The lateral walls (21, 22, 24, 25) also 
enable auxiliary devices for the engine to be easily secured with- 
out having to allow for the mobility of the cylinder section (11) 
relative to the crankcase section (13). 
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Combustion engine with variable compression ratio 

This invention relates to a combustion engine according to the detailed 
specification in the preamble to patent claim 1 attached. 

State of the art 

5 

In engine technology it is known, of prior art, that an engine with a 
variable compression ratio can improve the efficiency of the engine, 
particularly when the engine is operated on partial load, enabling the 
maximum performance of the engine to be increased considerably. 

10 

There are a number of different basic solutions for providing adjustment 
of the compression ratio of an engine. The American patent specification 
US 2,770,224 describes a piston engine with a fixed crankcase section, to 
which is hrnged a cylinder section, with associated cylinder head. Under 
15 the influence of an eccentric shaft the cylinder section can be pivoted to a 
greater or lesser degree about a longitudinal shaft, enabling the volume 
of the combustion chamber to be varied. 

In the engine shown the cylinder section is hinged to the crankcase section 
20 by means of a hinge shaft which may also be regarded as constituting a 
central shaft for the engine camshaft. This is advantageous because the 
mechanism for controlling the engine valves by means of the camshaft, 
and in this case also push rods, is not therefore appreciably affected by the 
fact that the cylinder section is hinged. 

25 

Although an engine of this design may be regarded as favourable from 
the point of view of combustion, it nevertheless suffers from several 
disadvantages which limit its potential for practical application. 

30 The possibilities of arranging a perfect seal between the cylinder section 
and the crankcase section are limited. Because the divisionsbetween the 
two sections extend in different planes around the periphery of the 
engine, it is necessary to arrange seals which also extend in the vertical 
direction of the engine. On one side of the engine the seals will be 

35 subjected to torsional forces, whilst the seals on the other side are 
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subjected to combined tensile and bending stresses. There is no suitable 
material for simultaneously meeting these requirements, but it is 
probably necessary to arrange such types of seals at different points along 
the divisions. This in turn creates problems in connecting the seals to each 
5 • other. A good seal between the cylinder section and the crankcase sectiort 
is essential both forpreventing the ingress of dirt in the crankcase and for 
preventing oil and/or gases present in the crankcase from leaking out. 

Internal combustion engines for vehicle use are also used to drive a 
10 number of different auxiliary units, e.g. generator, servo pumps. 

compressor and water pump. In engines with a fixed compression ratio 
these components are secured to the cylinder section of the engine by 
means of various brackets, and are driven by the crankshaft of the engine 
by means of belt transmissions. In an engine with a moving cylinder 
15 section this is not possible unless complicated arrangements are provided 
for their drive. The above-mentioned patent specification US 2,770,224 
does not provide a solution for arranging this in practice either. 

In an engine for vehicle use the output shaft of the engine is connected by 
20 a clutch to a gearbox. The possibilities in practice of arranging a flange 
planefor securing a clutch case or gearbox to one end of the engine are 
similarly limited ifthecylindersection of the engine is moving. Internal 
combustion engines for use other than in vehicles present similar 
problems. 

25 

Object of the invention 

The object of this invention is to eliminate this problems in an engine of 
the type described above. The object of the invention is therefore to 

30 provide a good seal between the cylinder section and crankcase section of 
an engine with a variable compression ratio. A further object is to enable 
auxiliary units to be mounted and arranged simply on the engine and to 
enable a simple layout for the drive thereof. Similarly, a further object is 
to enable a conventional flange plane to be used for securing the clutch 

35 case and gearbox to the crankcase section of the engine. 
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Brief description of the invention 

According to the invention these objects are achieved by designing the 
engine with the special features indicated In the characterising part of 
5 patent claim 1 attached. 

By designing the crankcase section of the engine according to the 
invention, with raised lateral walls along both sides of the engine, and by 
connecting these sides at both ends of the engine, possibilities are 
10 provided for securing a seal in the same plane. This enables a good seal to 
be provided. The design of the fixed lateral walls of the crankcase section 
also enables auxiliary crankshaft driven components to be secured and 
arranged easily by essentially conventional means, even when the cylinder 
section Is movable relative to the crankcase section. 

15 

Further features and advantages characterising the invention are 
indicated in the following description of an advantageous embodiment. 

List of figures 

20 

The description is given with reference to the attached drawings, in which 

Fig. 1 showsa perspective view of the basic construction of the engine 
Fig. 2a shows a vertical cross-sectional view of the engine in a position 
25 for maximum compression. 

Fig. 2b shows a vertical cross-sectional view of the engine In a position 

for minimum compression. 
Fig. 3 shows a front view of the engine. 

Fig. 4 shows a perspective and detailed view of an arrangement for 
30 varying the compression of the engine. 

Fig. 5 shows a cross-sectional view of parts incorporated in a sealing 

arrangement, and 
Fig. 6 is a schematic wiring diagram of an electrical control system for 

controlling the engine compression. 

35 
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DesCTiption of the embodiment 

The embodiment is described with reference to a multiple cylinder 
internal combustion engine of the Otto type, intended for use in a vehicle 
5 such as a passenger car. The attached Figure 1 shows in perspective the 
basic construction of engine 10, in which a number of components, 
although essential, have been removed to improve the clarity of the 
figure. Rgures 2-3 show engine 10 in more detail, but do not show the 
complete engine. 

10 

Engine 10 incorporates a cylinder section 11, in this case with four 
cylinders 12 arranged in line. Engine 10 also includes a crankcase section 
13 housing crankshaft 14 ofengine 10 and its bearings. Each cylinder 12 
houses a piston 15 which is connected by a connecting rod 16 to 
IS crankshaft 14. Engine 10 conventionally incorporates an oil sump t7 
secured to the bottom of crankcase section 13. 

Along one of its sides, on the left-hand side in Figures 2-3, cylinder section 
IS provided at its lower end with four bearing lugs 18, only one of which is 

20 shown in Figure 2a, in which lug extends a shaft 19 housed in five bearing 
brackets secured to crankcase section 13. This arrangement enables 
cylinder sectionto be tilted aboutthis shaft 19 relative to crankcase 
section 13. Because crankshaft 14 and engine pistons 1 5 connected to it 
are mounted in crankcase section 13, whilst the distance to cylinder 

25 section 1 1 can be varied, the compression ratio of engine 10 can also be 
varied. 

Figure 2a shows engine 10 in a position where cylinder section 1 1 is tilted 
to the minimum degree about shaft 19, and where engine 10 exhibits a 
30 maximum compression ratio. Correspondingly Figure 2b shows a position 
in which cylinder section 1 1 is tiled to the maximum degree about shaft 
19, and hence engine 10 in a position for a minimum compression ratio. 
Figures 2a and 2b are otherwise identical. 

35 In view of the transverse forces exerted by pistons 15 of engine 10 against 
the respective cylinder walls, it is advantageous, or at least a good 
compromise solution, for hinge shaft 19 to be arranged at a relatively low 
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height relative to engine crankshaft 14. 

Crankcase section 1 3 is also designed with integrated^ vertically raised 
lateral walls 21, 22 on both sides of cylinder section 1 1 . in this case lateral 
wails 21, 22 extend vertically to a level which corresponds essentially to 

5 the upper end face 23 of cylinder section 11. At one end of engine 10 Jn 
this case the rear end, is arranged a mountable gear case 24, and at the 
other front end is arranged a mountable end plate 25, both of which also 
constitute lateral walls. End plate 25 and gear case 24 connect the two 
lateral walls 21, 22 secured to the crankcase section. End plate 25 and 

10 gear case 24 also extent vertically to a level corresponding essentially to 
the upper end face 23 of cylinder section 11. This means that upper end 
faces 82-85 on lateral walls 21, 22, end plate 25 and gear case 24 will lie in 
the same plane, which plane also corresponds essentially to the upper end 
face 23 of cylinder section 11. This upper end face 23 may of course consist 

15 of an imaginary plane in an engine in which cylinder section 1 1 and 
cylinder head 26 are integral engine components, and where the 
imaginary plane lies essentially in the transition between the walls and 
roof of the cylinder. Lateral walls 21, 22, gear case 24 and end plate 25 will 
therefore enclose cylinder section 1 1 around its periphery. In this 

20 embodiment upper end faces 82-85 on lateral walls 21 , 22, gear case 24 
and end plate 25 also constitute the upper edges of the respective 
components. In alternative embodiments it is sufficient for the respective 
components 21, 22, 24, 25 to be designed with similar surfaces which need 
not at the same time be edges. 

25 

In an alternative embodiment it is possible for the lateral walls 21, 22 to be 
mountably secured to crankcase section 24 instead of forming integral 
parts of the same. 

30 As shown in Figure 1 gear case 24 is designed with a flange 20 to which is 
secured a clutch case 38 housing a clutch connected to the output shaft of 
engine 10. A gearbox 47, of intrinsically conventional design, is secured to 
clutch case 38. Clutch case 38 and gearbox 47 also house a final drive 
which transmits outgoing driving force to the drive shafts (not shown). 

35 The drive shafts are arranged to extent parallel with engine 10 and on 
both sides of clutch case 38/gearbox 47, which means that the vehicle is 
one with a transverse mounted engine.A cylinder head 26, with inlet and 
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outlet ducts 27. 28. inlet and outlet valves 29, 30 and two overhead 
camshafts 31, 32, is secured to the top 23 of cylinder sectionll. Inlet and 
outlet ducts 27, 28 are connected to normal arrangements (not shown), 
e.g. rnlet and outlet systems and associated devices for fuel injection, 
5 superchargers, exhaust cleaning arrangements. 

A cylinder head gasket 33 is arranged between cylinder head 26 and 
cylinder section 1 1 of engine 10, and an elastic seal 34, which extends 
round the entire cylinder section 11, is arranged between cylinder section 

10 11 of engine 10 and the surrounding lateral wails 21, 22, gear case 24 and 
end plate 25. Seal 34 is designed for sealing the crankcase of engine 1 0. 
Seal 34 is advantageously designed with a bellows-shaped cross-sectional 
shape, which meansthat it can be moved in its own plane, can be set at an 
angle and can provide different vertical positions for different parts of 

15 seal 34. As shown in greater detail in Figure 5, seal 34 is also pressed tight, 
so that it seals on its inner edge 35, between cylinder head 26 and cylinder 
section 11. Because cylinder head gasket 33 is almost completely rigid, 
elastic seal 34 is prevented from being compressed excessively between 
cylinder head 26 and cylinder section 11. Seal 34 is also retained by a 

20 holder 36 which is secured, by means of bolted joint 37, to cylinder section 
1 1 and which holder 36 is cast into seal 34. In the embodiment shown 
holder 3& is bent at an angle, but other shapes are also conceivable. 

Where Qflinder section 1 1 and cylinder head 26 are manufactured as one 
25 integral engine component, so-called monobloc design, inner edge 35 of 
seal 34 can be pulled round an unbent holder 37 so that bolted joint 37 
and the holder clamp seal 34againstthe side of the monobloc 

A plate edge, which is secured by means of a number of bolted joints 39 so 
30 that itseals againstthe upper ends of lateral walls 21, 22, end plate 25 and 
case 24, is cast in at the outer edge of seal 34. For this purpose these end 
faces are designed with mounting holes 40. 

On bearing shaft 19, opposite side of cylinder 11, on the right-hand side in 
35 Rgures 2a and 2b, are arranged four rods 41 , resembling connecting rods, 
which are shown diagrammatlcally in Figure 4. Rods 41 are mounted, at 
their respective upper ends, on a longitudinal shaft 42, which Is in turn 
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mounted in five bearing brackets 43 secured to the cylinder section. Rods 
41 are mounted eccentrically at their respective lower ends on an eccentric 
shaft 44, which is housed in five bearing brackets 45 secured to the 
crankcase section. The five bearing brackets 43 secured to the cylinder 
5 section are arranged longitudinally at the ends of cylinder section 1 1 and 
in the area between cylinders 12, where cylinder section 1 1 has a relatively 
high degree of rigidity. 

Rods 41 are designed at their lower ends with separate bearing caps 46, 
10 which provide simple mounting and removal of the same relative to 
eccentric shaft 44. At the front end of eccentric shaft 44 is secured a 
driving wheel running in a transmission, enabling eccentric shaft 44 to 
rotate. Eccentric shaft 44 can be rotated approximately half a revolution 
maximum, corresponding to the maximum stroke of rod 41, and also 
15 corresponding to the interval within which the compression of engine 10 
can be varied. Rods 41 interact with stops 49 provided on the side of 
cylinder section 1 1 , so that lateral faces 50 on the respective rods 41 rest 
against stops 49 in both limit positions of eccentric shaft 44. By arranging 
such a dimensionaliy stable limitation of the rotation of eccentric shaft 44 
20 it can be positioned close to cylinder section 1 1 in the lateral direction. 
This gives engine 10 a compact design. 

As shown in Figure 3 a pulley 51, secured to the front end of crankshaft 14, 
is used to drive different auxiliary devices for engine 10 with a common 

25 driving belt 52, such as generator 53, power steering pump 54 and water 
pump 55. All these auxiliary devices 53-55 are secured to crankcase section 
13 of engine 10 by means of ordinary brackets secured to the raised lateral 
wails 21, 22. Forthis purpose lateral walls 21, 22 are provided on their 
outsides with fastening holes 72, some of which are shown in Figure 1, or 

30 equivalent, which enable auxiliary devices 53*55 to be secured 

conventionally by means of bolted joints. An electric motor 57, which 
drives a toothed pulley 59 via a toothed belt 58, and a gearwheel rigidly 
connected to it (not shown), is also secured to crankcase section 1 3 by a 
bracket 56. This gear wheel, together with an internal gearwheel, form a 

35 drive housed In a recess in gear case 24, covered by a cover 61 . The 

internal gear wheel also constitutes a driving wheel for eccentric shaft 44. 
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Such a drive, with a gear wheel arranged inside a wheel with inner teeth, 
is well known in itself and is called, among other things, a harmonic drive. 
By designing the gearwheel with a certain number of teeth, and in doing 
designing the inner gearwheel with only one additional tooth, a drive 

5 with a high gear reduction is obtained. When the gearwheel has been 
rotated one revolution, the inner gear wheel has rotated at an angle 
corresponding to one tooth. The inner gearwheel and eccervtric shaft 44 
rigidly connected to it can therefore be rotated with high predsion by 
means of electric motor 57. In this embodiment eccentric shaft 44 can be 

10 rotated half a revolution maximum, sufficient for rods 41 to tilt cylinder 
section 1 1 to the maximum or minimum degree relative to crankcase 
section 13, which also corresponds to the minimum and maximum 
compression ratio of engine 10 respectively. 

15 Figure 6 shows diagrammatically an electric control system for controlling 
electric motor 57, and hence also for controlling the compression ratio of 
engine TO. A microprocessor-based control unit 75 is connected to a 
sensor 76 in the inlet system of engine 10, and receives via this sensor a 
signal representing the pressure in the inlet system. This pressure is a 

20 measure of the load of engine 10. Control unit 75 is also connected to a 
sensor 77, which transmits a signal to the control unit representing the 
speed of rotation of crankshaft 14, i.e. the speed of engine 10. On the 
basis of these engine parameters and setpoints stored in memory circuits 
in control unit 75 for a required compression ratio control unit 75 

25 transmits an output signal to electric motor 57 to assume a certain 

position of rotation. In this case eccentricshaft 44 is caused by the above- 
mentioned transmission to assume a corresponding position of rotation, 
cylinder section 1 1 being rotated about bearing shaft 19 and the required 
compression ratio obtained. 

30 

As mentioned above eccentric shaft 44 can only be rotated about half a 
revolution, whilst in order to achieve this electric motor 57 must be 
rotated several revolutions. A position sensor 78, sensing the relative 
position of rotation of eccentric shaft 44, is arranged on eccentric shaft 44 
35 and is fed back to control unit 75 to transmit aslgnal corresponding to the 
position of rotation of eccentric shaft 44, and hence indirectly also the 
compression ratio of engine 10. Such a position sensor may, for example. 
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be designed as a potentiometer. 

in more advanced embodiments of the invention control unit 75 and 
sensors 36, 77 may be incorporated in larger units for controlling engine 
5 10, and need not therefore consist of separate components or be arranged 
only for controlling electric motor 57, as exemplified above. 

Where the engine is controlled by means of an electrically controlled 
throttle 79 this can be connected to control unit 75 to transmit a signal for 

10 calculating the required compression ratio instead of the two sensors 76, 
77 for inlet pressure and engine speed. This is denoted by dashed lines in 
Figure 6, v\/hich also indicates, by dashed lines that control unit 75 can be 
used to transmit control signals to ignition system 80 of the engine and, in 
this case, to supercharging system 81 of the engine for controlling further 

15 engine parameters. 

Because the compression ratio of engine 10 can be controlled in the 
manner described, the engine can be operated, even at partial load, so 
that a high compression is obtained. The advantage of this is improved 
20 thermal efficiency and reduced fuel consumption. The engine should, 
advantageously, be of the supercharged type, which means that the 
compression can be varied over a wide operating range. Control unit 75 
can therefore be designed advantageously so that it also controls 
supercharging unit 81 of engine 10. 

25 

Depending on control signals from control unit 75 electric motor 57 will 
therefore rotate eccentric shaft 44 so that cylinder section 11, under the 
influence of rods 41, will cause cylinder section 1 1 to assume a certain 
angle relative to crankcase section 13, thereby giving engine 10 a certain 
30 appropriate compression ratio. 

In connection with these relative movements between cylinder section 1 1 
and crankcase section 13, seal 34 is subjected to both tension, pressure and 
torsion. Because seal 34 is secured along its outer edge to the same plain, 
35 because its inner edge 35 lines in another plane, and because both these 
plains lie essentially in the same plane, or at least close to each other, seal 
34 is still not subjected to any major stresses. The intrinsic elasticity of seal 
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34, together with the folded bellows shape, enables it to absorb and 
follow the relative movements which take place between cylinder section 
1 1 and crankcase section 13. 

5 Seal 34 may be designed as an integral unit, which both facilitates 

assembly and ensures good sealing. In an alternative embodiment seal 34 
may also be conceivably made integral with cylinder head gasket 33. 

The possibilities of achieving a good seal by this method are dependent on 
10 the design of lateral walls 21, 22, end plate 25 and gear case 24. This 

design also enables auxifiary devices 53-55, driven by crankshaft 14, to be 
secured easily to engine 10 without having to allow for the fact that 
cylinder section 1 1 is movable relative to crankshaft section 13. 

15 The invention is not limited by the embodiment described but can also be 
used to advantage in a number of other modified embodiments within 
the scope of the attached patent claims. 

20 



25 



30 



35 
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Patent Claims 

1. internal combustion engine (10) whereby a cylinder section (11) is 
pivoted on a crankcase section (13), and under the influence of control 

5 mechanisms can assume different positions of rotation to provide 

different compression ratios characterised in 
that the crankcase section (13) is designed with and/or is connected to 
the lateral walls (21, 22, 24, 25) extending essentially to enclose the 
cylinder section (1 1), 

10 that the lateral walls (21, 22, 24, 25) are designed in the vertical 

direction with upper limiting surfaces (82-85), which lie essentially in 
the same plan, and in that a seal (34) is arranged between the limiting 
surfaces (82-85) of the lateral walls (21, 22, 24, 25) and the cylinder 
section (1 1) to provide a seal between the crankcase section (13) and 

IS the cylinder section (11). 

2. Internal combustion engine according to patent claim 1 , 
characterised in that the limiting surfaces (82-85) of the lateral 
walls (21, 22, 24, 25) lie essentially at the same level as a plane of 

20 division between the cylinder section (1 1) and a cylinder head (26) 

secured to it. 

3. Internal combustion engine according to patent claim 1 , 

^ characterised in that the seal (34) consists of an elastic material 
25 which is secured on its inner edge (35) to a holder (36) of a rigid 

material, and in that the holder (36) is secured to the cylinder section 
(1 1) by means of a bolted joint (37). 

4. internal combustion engine according to patent claim 1, 

30 characterised in that an inner edge (35) of the seal (34) is 

clamped between the cylinder section 1 1) and a cylinder head (26) so 
that it seals. 

5. Internal combustion engine according to patent claim 1, 

35 c h a r a c t e r i s e d in that the seal (34) exhibits a bellows shape 

extending round the periphery of the cylinder section (11). 
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6. Internal combustion engine according to patent claim 1 , 

c h a ra ct e r i s e d in thatthe lateral walls are designed as two lateral 
walls (21, 22) secured to the crankcase section, extending on both sides 
of the cylinder section (1 1). and in that these lateral walls (21,22) are 
connected at the front and rearend of the engine tlO) respectively by 
means of mountable lateral walls (24, 25). 

7. Internal combustion engine according to patent daim 7, 
characterised in that the lateral walls (21 , 22) secu red to the 
crankcase section are designed so that they are integral with the 
crankcase section (13), and in that one of the mountable lateral walls is 
designed as a gear case (24) which is secured by means of a bolted joint 
to the crankcase section (13) and the lateral walls (21, 22) secured to 
the crankcase section. 

8. Internal combustion engine according to patent Claim 1, 
characterised in that the walls (21 , 22) secured to the crankcase 
section are provided on its outsides with fastening holes for auxiliary 
devices (53-55) for the engine. 



35 
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